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1
HUMIDIFIER FOR FUEL CELL

TECHNICAL FIELD

The present invention relates to a humidifier for a fuel cell,
and more particularly, to a humidifier for a fuel cell having an
enhanced humidifying performance.

BACKGROUND ART

A fuel cell is an electrochemical cell which generates elec-
tricity by combination of hydrogen and oxygen. Unlike a
general chemical cell such as a dry cell or storage cell, the fuel
cell can generate electricity continuously as long as the
hydrogen and oxygen are supplied. In addition, little heat loss
occurs in the fuel cell so that efficiency of the fuel cell is twice
as high as efficiency of internal combustion engine. Further-
more, since the fuel cell directly converts chemical energy
generated by the combination of hydrogen and oxygen into
electric energy, the fuel cell is eco-friendly and capable of
mitigating the concerns about the exhaustion of fossil fuel.

Depending on the type of electrolyte, the fuel cell may be
classified into a polymer electrolyte fuel cell, a phosphoric
acid fuel cell, a molten carbonate fuel cell, a solid oxide fuel
cell, and a alkaline fuel cell.

One of the most important factors to improve the perfor-
mance of the polymer electrolyte fuel cell is to maintain the
amount of the humidity contained in the polymer electrolyte
membrane of a membrane-electrode assembly by continu-
ously supplying predetermined amount of moisture to the
membrane. This is because the generating efficiency of the
fuel cell is rapidly deteriorated as the polymer electrolyte
membrane is dried.

Among the various methods for humidifying the polymer
electrolyte membrane is a method using a polymer separation
membrane for supplying the moisture to the dry reaction gas.

The membrane humidifying method uses a membrane
which allows only the vapor contained in the exhaust gas to
pass therethrough, to thereby supply the vapor to the polymer
electrolyte membrane. This method is advantageous in that a
humidifier of a small size and light weight can be manufac-
tured.

As to the membrane for the membrane humidifying
method, it is preferable to use a hollow fiber membrane(s)
which can provide a large permeation area per unit volume
when applied in a module. That is, when a humidifier is
fabricated with the hollow fiber membranes, the hollow fiber
membranes having a large contact surface area can be highly
integrated so that the fuel cell is sufficiently humidified even
with small volume. The hollow fiber membranes can be
formed of a low-priced material. Also, moisture and heat
contained in the unreacted gas discharged at a high tempera-
ture from the fuel cell can advantageously be collected and
reused through the humidifier.

Typically, a humidifier for fuel cell comprises a membrane
housing in which a bundle of hollow fiber membranes are
integrated to supply the moisture to the reaction gas flowing
through a hollow; an inlet for introducing unreacted gas of
high humidity; and an outlet for discharging the gas.

However, the hollow fiber membrane used for the humidi-
fier according to the related art can not contain the sufficient
moisture due to the structural reason. Thus, if a gas inflow
speed is raised in a moment due to a sudden acceleration
while an automobile is driven, it is impossible to promptly
humidifying the reaction gas. As a result, insufficiently-hu-
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midified gas is supplied to the fuel cell from the humidifier
causing the instantaneous decrease in output of a fuel cell
system.

In order to overcome this kind of problem, there has been
proposed a method of increasing a thickness of the hollow
fiber membrane so as to increase the humidity content in the
hollow fiber membrane. However, the increased thickness of
the hollow fiber membrane causes difficulties in moisture
transfer so that it might cause adverse effect such as deterio-
ration of humidifying performance.

DISCLOSURE
Technical Problem

An aspect of the present invention is to provide a humidifier
for fuel cell having an enhanced humidifying performance
and thus being able to prevent an instantaneous decrease of
the output of a car which might occur at the time of high-
speed driving.

Technical Solution

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, there is provided a humidifier for
fuel cell comprising: a membrane housing with first and sec-
ond ends; a bundle of hollow fiber membranes provided in an
inner space of the membrane housing, wherein both ends of
the hollow fiber membrane are respectively potted into the
first and second ends of the membrane housing; a humidity
retainer provided in the inner space of the membrane housing;
a first cover mounted on the first end of the membrane hous-
ing, the first cover including an inlet for introducing unre-
acted gas of high-humidity discharged from a stack; and a
second cover mounted on the second end of the membrane
housing, the second cover including an outlet for discharging
the unreacted gas used for humidification.

Advantageous Effects

According to the present invention, the humidifier of a fuel
cell includes a humidity retainer capable of containing a large
amount of moisture. Thus, the sufficient amount of the mois-
ture can be supplied to the fuel cell even when a car acceler-
ates suddenly.

Also, the humidifier according to the present invention is
provided with a division plate inside the membrane housing,
whereby the unreacted gas of high-humidity can be uniformly
supplied to the entire hollow fiber membranes inside the
membrane housing.

DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic view illustrating a humidifier for the
fuel cell according to one embodiment of the present inven-
tion.

FIG. 2 is a sectional view along I-I' of FIG. 1.

BEST MODE

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
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covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

Hereinafter, a humidifier for fuel cell according to the
present invention will be described with reference to the
accompanying drawings.

FIG. 1 is a schematic view illustrating a humidifier for fuel
cell according to one embodiment of the present invention.

As shown in FIG. 1, the humidifier for fuel cell according
to the present invention includes a membrane housing 310
with the first and second ends. At the first end of the mem-
brane housing 310, there are firstholes 311. At the second end
positioned opposite to the first end, there are second holes
312. The membrane housing 310 has an inner space.

The hollow fiber membranes 370 are integrated in the inner
space of the membrane housing 310. Both ends of the hollow
fiber membrane 370 are respectively potted into the first and
second ends of the membrane housing 310. Both ends of the
hollow fiber membrane 370 remain open so that a fluid out-
side the membrane housing 310 can be introduced into the
hollow of the hollow fiber membrane 370, flow through the
hollow, and then come out of the membrane 370.

For supplying the unreacted gas of high-humidity to the
hollow fiber membranes 370 inside the membrane housing
310, a plurality of first holes 311 are formed in lower and
upper portions of the first end of the membrane housing 310.
After the moisture contained in the unreacted gas is supplied
to the hollow fiber membranes 370, the unreacted gas which
becomes dry is discharged to the outside the membrane hous-
ing 310 via the plural second holes 312 in lower and upper
portions of the second end of the membrane housing 310.

When reaction gas to be supplied to the fuel cell flows
through the hollow and the unreacted gas of high-humidity is
supplied to the inner space of the membrane housing 310 via
the first holes 311 of the membrane housing 310, the reaction
gas and the unreacted gas of high-humidity is physically
prevented from mixing with each other by the hollow fiber
membrane 370. However, the moisture of the unreacted gas of
high-humidity can pass through the hollow fiber membrane
370, whereby humidifying the reaction gas flowing through
the hollow of the hollow fiber membrane 370.

The first end of the membrane housing 310 is covered with
a first cover 320. The first cover 320 is provided with an inlet
321 for introducing the unreacted gas of high-humidity dis-
charged from the stack to the inside of the humidifier. While
the unreacted gas of high-humidity introduced via the inlet
321 flows outside the membrane housing 310, it flows into the
inside of the membrane housing 310 via the first holes 311.

A sealing portion (not shown) is provided between an inner
surface of the first cover 320 and the first end of the membrane
housing 310, whereby the unreacted gas of high-humidity
flows only into the inside of the membrane housing 310. That
is, since the inlet 321 of the first cover 320 is in fluid commu-
nication only with the plural first holes 311, the unreacted gas
of high-humidity introduced via the inlet 321 flows into the
inside of the membrane housing 310 only via the plural first
holes 311.

At the second end of the membrane housing 310 is pro-
vided a second cover 330 which includes an outlet (not
shown) for discharging the unreacted gas used for the humidi-
fication and dried to the outside of the humidifier.

A sealing portion (not shown) is provided between the
inner surface of the second cover 330 and the second end of
the membrane housing 310, whereby the unreacted gas which
becomes dry is discharged only via the outlet of the second
cover 330.
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A first cap 350 having a reaction gas outlet 351 is installed
at the end of the first cover 320. The reaction gas humidified
while flowing through the hollow of the hollow fiber mem-
brane 370 is discharged to the outside of the humidifier via the
reaction gas outlet 351, and then supplied to the fuel cell.

A second cap 340 having a reaction gas inlet 341 is
installed at the end of the second cover 330. The dry reaction
gas is introduced to the inside of the humidifier via the reac-
tion gas inlet 341 before it is supplied to the fuel cell.

FIG. 2 is a sectional view along I-I' of FIG. 1.

As shown in FIG. 2, the humidifier for a fuel cell according
to the present invention includes a humidity retainer 200
disposed in the inner space of the membrane housing 310.

If the humidity content in the hollow fiber membrane 370
positioned adjacent to the humidity retainer 200 is suddenly
lowered, the humidity retainer 200 retaining a large amount of
moisture thereinside supplies its moisture to the hollow fiber
membrane 370.

The hollow fiber membrane 370 used for the conventional
humidifier cannot contain a sufficient amount of moisture due
to the structural reason. Thus, if the inflow speed of the
reaction gas is raised instantaneously due to a sudden accel-
eration while a fuel cell automobile is driven, it is impossible
to promptly humidify the reaction gas. The reaction gas sup-
plied to the fuel cell while insufficiently humidified causes an
instantaneous decrease of the output of the fuel cell system.

In order to solve this problem, the humidity retainer 200
capable of containing a large amount of moisture is inserted
into the space inside the membrane housing 310 so that a
sufficient amount of moisture can be supplied to the reaction
gas even though a large amount of reaction gas suddenly
flows into the hollow of the hollow fiber membrane 370 at the
time of a high speed driving.

The humidity retainer 200 may be inserted into the bundle
of the hollow fiber membranes 370 integrated inside the
membrane housing 310. That is, the humidity retainer 200 is
inserted among the hollow fiber membranes 370. If the
humidity content is suddenly lowered in the hollow fiber
membrane 370 adjacent to the humidity retainer 200, the
humidity retainer 200 supplies the moisture to the adjacent
hollow fiber membrane 370. Since the humidity retainer 200
is inserted among the hollow fiber membranes 370, it is pos-
sible to supply the moisture to the hollow fiber membranes
370 in a short time.

Alternatively, the humidity retainer 200 may be disposed
outside the bundle of the hollow fiber membranes 370 inte-
grated inside the membrane housing 310. That is, if the
humidity content in the bundle of the hollow fiber membranes
370 is suddenly lowered, the humidity retainer 200 disposed
outside the bundle of the hollow fiber membranes 370 sup-
plies the moisture to the bundle of the hollow fiber mem-
branes 370. Since the humidity retainer 200 is disposed out-
side the bundle of the hollow fiber membranes 370, a large
amount of moisture can be supplied to the bundle of the
hollow fiber membranes 370 with easiness.

The humidity retainer 200 inserted among the hollow fibers
370 occupies 1~20% of the inner spatial volume of the mem-
brane housing 310. If the volume occupied by the humidity
retainer 200 is less than 1%, it is difficult to supply a sufficient
amount of moisture to the hollow fiber membranes 370,
thereby causing the decrease of the output of a car at time of
a high speed driving. Meanwhile, if the volume occupied by
the humidity retainer 200 is more than 20%, the membrane
area effective for the humidification is too small to enhance
the humidifying performance the humidifier.

The humidity retainer 200 may be prepared in various
shapes. For example, the shape of the humidity retainer 200
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may be one among sponge, hollow fiber membrane, fiber,
woven fabric, knitted fabric, nonwoven fabric, and braid.

Especially, since the braid-type humidity retainer 200 is
similar in shape to the hollow fiber membrane 370, it allows
the enhanced degree of integration and maximizes the
humidifying efficiency. In addition, a large surface area of the
braid-type humidity retainer 200 makes it possible to contain
a large amount of moisture, physically.

The humidity retainer 200 may be prepared of various
materials. For example, the humidity retainer 200 may
include a conducting material such as nafion, sulfonated
polysulfone, sulfonated polyimide, and sulfonated polyaryle-
neether. The humidity retainer 200 including the conducting
material has a hydrophilic group with a chemical affinity for
moisture, whereby the humidity retainer 200 can contain a
large amount of moisture thereinside.

Among the aforementioned conducting materials, nafion
manufactured by DuPont has a drawback in that it is so
expensive, although it allows rapid moisture transfer and has
excellent gas barrier effect. Meanwhile, sulfonated polysul-
fone, sulfonated polyimide, and sulfonated polyaryleneether
are reasonable in terms of price while they are similar to the
nafion in terms of the performance.

Also, the humidity retainer 200 may have a shape capable
of containing a large amount of moisture physically and may
be formed of at least one of polyethylene and polypropylene.
For example, a sponge-shaped or braid-shaped polyethylene
having a plurality of pores physically can contain a large
amount of moisture so that the moisture might be sufficiently
supplied to the hollow fiber membrane 370 in a short time.

As shown in FIG. 2, the humidifier according to the present
invention may further include a division plate which divides
the inner space of the membrane housing 310 into plural unit
spaces.

The division plate may have a dual partition structure. That
is, the division plate includes two partitions 361. A slit 362
between the two partitions 361 penetrates both lower and
upper sides of the membrane housing 310.

The dual partition structure may be formed in at least a
portion of the division plate. For example, the dual partition
structure may be applied to the portion of the division plate
corresponding to at least one of the first and second ends of
the membrane housing 310.

The slit 362 of the division plate may have a cross section
which is formed in various shapes, for example, rectangle,
circle, and etc.

A through hole (h) may be formed in the partition 361 of
the division plate. Via the through hole (h) of the partition
361, the unreacted gas in the first unit space of the membrane
housing 310 can flow into the second unit space of the mem-
brane housing 310. Thus, the unreacted gas can be uniformly
supplied to the entire inner space of the membrane housing
310. The through hole (h) may be formed in various shapes,
for example, rectangle, circle, ellipse, slit, slant slit, mesh,
and etc.

The division plate having the dual partition structure is
advantageous in that fluid can flow via the slit 362 between
the partitions 361. That is, the unreacted gas of high-humidity
introduced via the inlet 321 of the first cover 320 can flow
from the upper side of the membrane housing 310 to the lower
side of the membrane housing 310 via the slit 362, or vice
versa. As a result, the unreacted gas of high-humidity can be
uniformly supplied to the plurality of unit spaces formed by
the division plate. Also, if the unreacted gas of high-humidity
excessively flows above the upper side of the membrane
housing 310, the unreacted gas of high-humidity above the
membrane housing 310 flows toward the lower side of the
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membrane housing 310 via the slit 362 of the partition 361,
whereby the unreacted gas of high-humidity can be supplied
to both lower and upper sides of the membrane housing 310 in
substantially equal amount. Accordingly, the unreacted gas of
high-humidity introduced via the inlet 321 of the first cover
320 can be uniformly distributed and used for humidification
without being concentrated on a predetermined portion inside
the membrane housing 310.

In order to prevent the unreacted gas from being concen-
trated in the predetermined portion inside the membrane
housing 310, it is preferable for the division plate to divide the
inner space of the membrane housing 310 into more unit
spaces. From the viewpoint of the manufacturing difficulty
and cost, it is preferable that the membrane housing 310
include 2~10 unit spaces.

An operation of the humidifier for fuel cell according to
one embodiment of the present invention will be described in
detail as follows.

The dry reaction gas to be supplied to the fuel cell flows
into the humidifier via the reaction gas inlet 341 of the second
cap 340, and simultaneously, the unreacted gas of high-hu-
midity discharged from the stack flows into the humidifier via
the inlet 321 of the first cover 320.

The dry reaction gas is supplied to the hollow of the hollow
fiber membrane 370 via the open end of the hollow fiber
membrane 370, and the unreacted gas of high-humidity is
supplied to the inner space of the membrane housing 310 via
the first holes 311. At this time, the unreacted gas of high-
humidity is uniformly supplied to the entire unit spaces of the
membrane housing 310 while freely flowing from the upper
side to the lower side of the membrane housing 310 via the slit
362 between the partitions 361, or vice versa.

The unreacted gas of high-humidity containing a large
amount of moisture, introduced into the inner space of the
membrane housing 310, contacts with the hollow fiber mem-
branes 370 and the humidity retainer 200, and supplies the
moisture to the hollow fiber membranes 370 and the humidity
retainer 200.

Thus, the hollow fiber membrane 370 is supplied with the
moisture. Then, the hollow fiber membrane 370 supplies the
moisture to the dry reaction gas flowing through the hollow of
the hollow fiber membrane 370 by the difference of moisture
density. The humidified reaction gas is supplied to the fuel
cell via the reaction gas outlet 331 of the first cap 330

If a large amount of reaction gas suddenly is introduced
into the humidifier via the reaction gas inlet 341 of the second
cap 340 at the time of a high speed driving, a large amount of
moisture is transferred from the hollow fiber membrane 370
to the reaction gas in a short time. In this case, the humidity
retainer 200 promptly supplies the moisture to the low-hu-
midity hollow fiber membrane 370 such that the hollow fiber
membrane 370 can continuously supply a sufficient amount
of moisture to the reaction gas, thereby preventing the
decrease of the output of a car at the time of a high speed
driving.

What is claimed is:

1. A humidifier for fuel cell comprising:

a membrane housing provided with first and second ends;

a bundle of hollow fiber membranes provided in an inner

space of the membrane housing, wherein both ends of
the hollow fiber membranes are respectively potted into
the first and second ends of the membrane housing;

a humidity retainer;

a first cover mounted on the first end of the membrane

housing, the first cover including an inlet for introducing
a first gas of high-humidity into the inner space of the
membrane housing; and
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a second cover mounted on the second end of the mem-
brane housing, the second cover including an outlet for
discharging the first gas used for humidification, from
the inner space of the membrane housing,

wherein the humidity retainer is formed of at least one of
polyethylene and polypropylene and has a form capable
of containing a large amount of moisture therein, the
form being selected from the group consisting of sponge
and braid, and

wherein the humidity retainer of the sponge or braid form
is disposed adjacent to the hollow fiber membranes in
the inner space of the membrane housing such that the
humidity retainer can increase humidity of a second gas
flowing through inside the hollow fiber membranes.

2. The humidifier for fuel cell according to claim 1,
wherein the humidity retainer is disposed within the bundle of
the hollow fiber membranes.
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3. The humidifier for fuel cell according to claim 1,
wherein the humidity retainer is disposed outside the bundle
of the hollow fiber membranes.

4. The humidifier for fuel cell according to claim 1,
wherein the humidity retainer occupies 1-20% of inner spatial
volume of the membrane housing.

5. The humidifier for fuel cell according to claim 1, further
comprising a division plate which divides the inner space of
the membrane housing into a plurality of unit spaces.

6. The humidifier for fuel cell according to claim 5,
wherein the division plate has a dual partition structure.

7. The humidifier for fuel cell according to claim 6,
wherein the division plate includes two partitions, and a slit
between the two partitions penetrates both lower and upper
sides of the membrane housing.

8. The humidifier for fuel cell according to claim 7,
wherein each of the partitions has a through hole.
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